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(57) ABSTRACT

A mould for manufacturing disc-like objects including at
least two mould parts which are mutually movable between
a closed position 1n which they bound a mould cavity, which
mould cavity 1s connected to an injection conduit for admut-
ting heated, plasticized plastic under pressure into said
mould cavity, and an opened position 1n which a disc-like
object can be removed. The mould also has a device for
removing a central portion from a disc-like object to form a
central hole present therein, which device comprises a
cylindrical part which 1s movable 1n axial direction 1n the
closed situation of the mould cavity. The mould has the
feature that at least one of the two mould parts 1s tempered
only 1n the middle zone of the mould cavity for tempering
the inflowing plastic during the inflow thercof via the
pressure line and thus during the filling of the mould cavaity.
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MOULD FOR MANUFACTURING DISC-LIKE
OBJECTS

BACKGROUND OF THE INVENTION

The mvention lies 1n the field of manufacturing disc-like
plastic objects by means of a mould. The manufacture of
disc-like objects by means of a mould 1s known. Diverse
known techniques are, among others, injection moulding,
injection pressing, mjection compression and coining. The
invention 1s applicable to all of these as well as other suitable
techniques.

The 1nvention relates to a mould for manufacturing disc-
like objects, which mould comprises:

at least two mould parts which are mutually movable
between a closed position in which they bound a mould
cavity, which mould cavity is connected to an 1njection
conduit for admitting heated, plasticized plastic under
pressure 1nto said mould cavity, and an opened position
in which a disc-like object can be removed; and

removing means for removing a central portion from a
disc-like object to form a central hole present therein,
which removing means comprise a cylindrical part
which 1s movable 1n axial direction 1n the closed
situation of the mould cavity.

Such a mould 1s known generally and in many embodi-

ments.

The disc-like objects are 1n particular transparent infor-
mation carriers such as CDs and DVDs. For a correct
scanning of the digital information arranged thereon, such
information carriers must comply with very speciiic techni-
cal requirements. In addition to flatness and transparency,
such technical requirements also include properties relating
to birefringence, which must meet a required standard
within close tolerances and must generally be as low as
possible.

The birefringence 1s an optical measurement value for
internal material stresses. These internal stresses are intro-
duced during manufacture by injection moulding or injec-
tion pressing of polycarbonate substrates. They are caused
by shrinkage, flow lines and/or inclusions of air or other
contaminants. The stresses result 1n the light of the laser
being additionally diffused during scanning, whereby phase
differences occur when a substrate 1s scanned. This diffusion
of light rays results 1n a decrease 1n the effective intensity of
the laser beam. Thereafter, light rays are also deflected and
diffusion occurs when radiation transfers from the one
medium to another medium with a different density.

The wavelength of a scanning laser 1s roughly 780 nm in
air and about 500 nm 1n polycarbonate. The light diffusion
index 1s 1.55. In the specification for the birefringence of
polycarbonate substrates 1s stated that this may vary by a
maximum of 20% from the given value and may thus
amount to a maximum of 100 nm. A larger variation will
certainly result 1 problems. It 1s remarked here that 1n the
case of production processes for mass-produced articles
such as those under consideration, it must be ensured under
all circumstances that the relevant norm 1s achieved, even 1n
the most unfavourable conditions. It 1s therefore desirable to
design a mould such that the birefringence 1s thus as low as
possible 1n all conditions and 1s nominally considerably
lower than the stated tolerance limits.

The birefringence 1s measured 1n terms of phase differ-
ences and decrease 1n light intensity between a v-component
and the y-component of polarized light. The birefringence 1s
expressed in nanometres (nm).

A further explanation concerning the described concepts
can be found 1n “Kunststoffe German Platics” 1989/1,
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reprint, “Birefringence 1 Optical Information Storage Discs
made of Polycarbonate™.

For manufacture of information carriers of the described
type an optionally replaceable wall of the mould cavity is
provided with a negative 1mpression of information to be
arranged on the disc-like object. Such mmformation must be
transferred with very great reliability and accuracy onto the
disc-like object.

It 1s further necessary to prevent the occurrence of a
phenomenon known as “dishing”. This 1s the phenomenon
where a disc-like object 1s not flat but has a shape which
curves 1n substantially rotation symmetrical manner. In this
same context the phenomenon of “warpage” often occurs,
wherein the disc-like object acquires a saddle shape. It may
even occur that a disc-like object produces so-called “click-
clack”. This 1s the phenomenon where an object has two
mutually differing stable shapes which can transpose into
cach other by exerting a force on the central zone.

It 1s an object of the mvention to essentially prevent to a
considerable extent the described undesired phenomena and
generally improve the quality of a disc-like object.

It a further object of the invention to embody a mould of
the described type such that the time required to manufac-
ture a disc-like object 1s reduced.

Summarizing very brietly the objectives of the invention
as specified above, a main purpose of the invention 1s to
improve the quality of a manufactured disc-like object while
reducing the cycle time.

With a view to these objectives the imvention aims to
considerably increase the “operating window”. This operat-
ing window 1s understood to mean the total range 1n which
combinations of parameter values are possible wherein the
set requirements can be fulfilled.

SUMMARY OF THE INVENTION

The mvention provides a mould which has the feature that
at least one of the two mould parts 1s provided with first
tempering means which are active substantially only in the
middle zone of the mould cavity for tempering the inflowing
plastic during the inflow thereof via the pressure line and
thus the filling of the mould cavity.

It 1s noted that an 1njection mould 1s known, of which the
so-called mirrors, 1.e. the substantially plane walls of the
mould cavity, the so-called punch and the 1njection conduit
or 1njection bush are provided with cooling means.
However, such cooling means have not been found effective
in realizing the above stated objectives of the invention.

In a specific embodiment this mould has the feature that
the ratio of the diameters of the middle zone and of the
mould cavity lies in the range of (0.30+0.15).

It should be appreciated that the plasticized plastic flow-
ing 1n via the central zone 1s subjected at that position to a
temperature change. At the location of this central zone there
1s a flow 1n substantially radial direction 1n order to fill the
mould cavity. By cooling the inflowing plastic 1n this zone
by means of the first tempering means a certain “freezing”
of the relevant material takes place, whereby the effective
passage of the material 1s limited. This passage therefore
varies during the 1njection of plasticized plastic. The smaller
the passage becomes, the higher the pressure required to
keep constant the flow rate of the inflowing plastic. If the
pressure were to be kept the same, the flow rate of the
inflowing plastic would then decrease. It will be apparent
that it 1s possible to experiment with the given parameters
until the quality of an obtained disc-like object 1s as high as
possible, or at least lies within for instance a required norm.
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In a further embodiment the mould has the feature that at
least one of the two mould parts 1s provided with second
tempering means which are active substantially only in the
peripheral zone of the mould cavity for tempering the
inflowing plastic during the inflow thereof via the 1njection
conduit and thus the filling of the mould cavity.

This variant 1s particular can have the special feature that
the second tempering means co-act directly with the periph-
eral wall surface of the mould cavity.

As will be described hereinbelow, the second tempering
means can be arranged 1n a moving, so-called venting ring.
The advantage of this second tempering means 1s that the
index of refraction can hereby be influenced 1n terms of the
birefringence of a transparent information carrier. The bire-
fringence displays a sharp rise on the outside of the disc-like
imnformation carrier and, as will be described hereinbelow,
reaches a critical limit of about £50 mm. By embodying the
second tempering means such that the relevant peripheral
zone has a higher temperature than the substantially plane
end walls of the mould cavity, the cooling flow front of the
injected plastic 1n the mould cavity will contact the rela-

fively hot wall parts of the peripheral zone and thereby
obtain a different build-up of stress than in the case where
this plastic comes 1nto contact there with a relatively cold
peripheral zone.

The said internal build-up of stress has 1mmediate con-
sequences for the optical qualities of the obtained transpar-
ent 1nformation carrier. As 1s generally known, a high
internal stress corresponds to a high birefringence.

A further variant has the feature that an additional mould
part 1s arranged round the mould part through which said
injection conduit extends, which additional mould part is
provided with third tempering means which are active
substantially only in the region of the relevant end wall of
the mould cavity round the injection conduit for tempering
the plastic flowing 1nto the mould cavity during the filling of
the mould cavaity.

Said additional mould part 1s cooled by means of the third
tempering means and thus forms a buffer between the cold
injection conduit and the relatively hot adjacent plane wall
of the mould cavity.

It 1s noted that the mould part in question, depending on
the embodiment of the mould, can act either for instance as
punch or as positioning means.

A specific embodiment 1s provided with mechanical posi-
fioning means for fixedly holding, by engaging on the end
zone of a central hole, at least one disc-like insert bearing the
negative 1mpression of information to be arranged on the
disc-like object, which positioning means are provided with
fourth tempering means which are active 1n the region of the
said engagement. The described positioning means comprise
a central hub which has an annular hook which extends into
the mould cavity and 1s dimensioned such that 1t can be
placed 1n engaging co-action with the peripheral zone of a
central hole 1n the disc-like insert.

A practical embodiment of the mould according to the
invention has the special feature that the tempering means
comprise channels for heat transport medium arranged in the
mould parts. It 1s noted 1n this respect that other embodi-
ments of the tempering means are also possible, for instance
clectric heating and/or cooling means. Electric heating
means can comprise resistance elements, while cooling
means can for instance comprise Peltier elements.

A very 1mnexpensive and effective embodiment has the
special feature that the heat transport medium 1s water.

It 1s noted generally that the relevant surfaces of the
mould cavity, at least in the region of the tempering means,
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consist of a thermally conductive material, for instance steel,
bronze or other alloy. What 1s important 1s that the tempering,
means can make thermal contact via the relevant wall
surfaces with the plasticized plastic during forming of an
object.

There are diverse technical possibilities for the manufac-
ture of the channels forming part of the tempering means. A
simple embodiment has the special feature that the channels
are at least partially formed by embodying a relevant mould
part, divided by the main plane of a channel, iIn two
sub-parts, at least one of which sub-parts 1s provided with a
ogroove corresponding with the channel and 1s covered with

the other sub-part.

In order to impart the most effective possible action to the
tempering means, the embodiment 1s recommended in
which the active surfaces in the region of the tempering
means comprise an alloy with high thermal conduction

coellicient, for 1nstance beryllium copper or Ampco.

Yet another variant has the special feature that the active
surfaces 1n the region of the tempering means are provided
with a hard coating, for instance of chromium, titanium
nitride or the like.

As specified above, the mould according to the mnvention
can serve to manufacture transparent information carriers
such as CDs, VLPs, DVDs and the like. It 1s often deemed
impractical to arrange the negative impression of the infor-
mation to be arranged on the information carrier directly
onto a surface of the mould cavity. Generally known per se
1s the use of a disc-like msert or “stamper” on which the
relevant negative information i1s arranged. Such an insert
must be replaced after a certain time has elapsed, for
instance after a number of production cycles or 1 order to
manufacture a different type of information carrier.

In respect of the above the invention also provides a
mould which 1s characterized by positioning means for
positioning and holding at least one disc-like insert bearing
a negative 1mpression of information to be arranged on the
disc-like object, which positioning means comprise an at
least partly cylindrical bush of thermally conductive
material, for mstance steel, bronze or other alloy, wherein
the first tempering means also co-act with the positioning
means. Said positioning means are per s€ known. A disc-like
msert, which 1s often made of nickel, 1s for instance held fast
by a hook-like element which engages the relevant 1nsert on
the peripheral zone of a central hole present herein. The
positioning means can serve for exact positioning as well as
for releasable holding of said insert, which 1s generally
designated a “stamper”. This embodiment 1s of mechanical
character. The positioning function can also be separated
from the holding function. Exact positioning of the insert is
possible by means of a protruding edge which co-acts with
a central hole 1n the 1nsert, while holding can take place by
making use of magnetic forces, underpressure or other
suitable means.

It 1s noted that moulds of various types exist. In one
particular type the stamper 1s held 1n position by mechanical
means, magnetic means, underpressure or other suitable
means against a wall of the mould cavity located opposite
the outflow opening of the injection conduit. In another
embodiment the stamper 1s held on the wall 1n which the
injection conduit debouches. The invention has the same
advantages for these different embodiments.

As already described above, the additional mould part,
depending on its function, can serve as punch or as posi-
floning means.

The mould according to the invention can have the further
feature that the tempering means are adapted to hold the
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relevant active surfaces at a specific chosen temperature.
Attention 1s drawn 1n this respect to the fact that the desired
temperature can greatly depend on the location where the
relevant tempering means are active. The desired tempera-
ture also depends on the cycle time.

By way of orientation and without limiting the scope of
protection of this specification, the following temperatures
can be stated for audio CDs:

injection bush, punch: about 10° C.—-30° C.

mirrors (plane surfaces of the mould cavity): about 40°
C.—70° C.
peripheral zone: about 50° C.—100° C. The respective

tempering means herefor specified in the claims can,

subject to the wish to adjust specific temperatures, be
adjustable either 1n combination or indeed 1ndividually.

As stated above, cooling of punch, injection bush and
mirrors 1s already known. This invention does not therefore
relate to these aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

The 1invention will now be elucidated with reference to the
annexed drawings. Herein:

FIG. 1 shows a side view broken away partly to a
longitudinal section of a random embodiment of a mould
according to the 1nvention, wherein 1t 1s noted that the first
tempering means 1n this mjection mould comprise the
punch, the stamper and the stamper holder and centre hub,
while the second tempering means comprise the venting
ring;

FIG. 2 shows a view corresponding with FIG. 1 of the
mould of FIG. 1 1n opened position;

FIG. 3 shows a graph of the typical relation between the
birefringence and the radial position in the case of a disc-like
information carrier with a radius of 60 mm which 1s manu-
factured by making use of a known injection mould with
cooled punch, cooled injection bush and cooled mirrors;

FIG. 4 shows a graph corresponding with FIG. 3 of the
typical relation between the birefringence and the radial
position in the case of a disc-like information carrier with a
radius of 60 mm and an 1njection mould with cooling in the
middle zone of the mould cavity;

FIG. 5 shows a graph corresponding with FIG. 3 of the
typical relation between the birefringence and the radial
position in the case of a disc-like information carrier with a
radius of 60 mm and an 1njection mould with cooling in the
middle zone of the mould cavity and cooling in the periph-
eral zone of the mould cavity;

FIGS. 6, 7 and 8 show graphs corresponding respectively
with FIGS. 3, 4 and 5 for an injection pressing process.

DETAILED DESCRIPTION OF THE
INVENTION

FIGS. 1 and 2 show a mould 15 comprising two mould
parts 16, 17.

The components are designated with reference letters and
reference numerals 1n accordance with the list below.

A 1njection bush through which extends an imjection
conduit;

B punch;

C venting ring;
D front mirror;
E rear mirror;
F central hub;
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G compact disc manufactured by 1njection moulding and
removed from the mould cavity;

H stamper;

K sprue (this is a removable part consisting of a cured
plastic rod from the imjection conduit, a disc-shaped portion
connecting thereto and corresponding with the central hole
in the compact disc, and a short widened portion with which
sprue K is temporarily held in a cavity with undercut form).

1 1nlet cooling channel punch;

2 outlet cooling channel punch;

3 inlet cooling channel injection bush;
4 outlet cooling channel 1njection bush;

5 outlet cooling channel front mirror;
6 1nlet cooling channel front mirror;

7 1nlet cooling channel venting ring;
8 outlet cooling channel venting ring;
Y cooling rear mirror;

10 1nlet cooling channel central hub;
11 outlet cooling channel central hub;
12 1nlet cooling channel punch;

13 outlet cooling channel punch;

14 suction line for holding stamper H via grooves;
15 mould;
16 first mould part;

17 second mould part.

As the enlarged detail in FIG. 2 shows, the central hub F
comprises an annular hook with which stamper H 1s held.
The central hook has an annular elevation which 1s ulti-
mately delineated on the relevant zone of compact disc G.

As 1llustrated 1n FIG. 1 and FIG. 2, the first tempering
means (middle zone tempering means); the second temper-
ing means (peripheral zone tempering means); the third
tempering means (wall region tempering means); and the
fourth tempering means (end zone tempering means) are
cach associated with channels internal to the mould arranged
around the 1njection conduit.

A gap 20 may extend between the middle zone tempering
means and the wall region tempering means.

FIG. 3 shows the birefringence as a function of the radial
position for a CD which 1s manufactured with a known
mould provided with a cooled punch, a cooled injection bush
and cooled mirrors. A recommended norm of £50 nm 1s
indicated with broken lines. The curve lies outside the given
toleration limits particularly at about 57 and around 59 nm.
It 1s further noticeable that 1n the range of about 30 mm-—50
mm the curve displays a fall 1n the amount of about 40 nm.

As shown 1n FIG. 4, the cooling by the first tempering
means 1n the middle zone of the mould cavity causes a tlatter
progression of the curve. The total fall in the range of about
25-57 mm amounts to no more than about 15 nm.

Due to the cooling 1n the peripheral zone, 1.e. the venting,
ring C which forms the peripheral boundary of the mould,
the maximum value of the birefringence will be reduced.
The peak of the curse 1s also shifted outward close to the
maximum radius of the information carrier. This 1s shown
clearly in FIG. 5. In the range between about 25 and 57 mm
the curve of FIG. 5 generally shows a variation in the
birefringence of no more than about 15 nm, while in the
critical range 57—60 mm the curve also remains within the
set toleration limits.

Due to the cooling in the middle zone of the mould cavity
the radial warpage decreases. The warpage can be compared
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with the general shape of a coolie hat. Due to the cooling of
the peripheral zone the tangential warpage decreases. This
corresponds with the general shape of a cowboy hat.

Due to the cooling in the middle zone of the mould cavity
a better replication of the pits 1s ensured, whereby a higher
quality of the so-called electrical signals 1s obtained. These
are the signals which co-determine the signal format stored
in a digital information carrier, such as 13, 111, Push pull,
Block Error rate, jitter and so on. Due to the cooling in the
peripheral zone of the mould cavity a smaller signal loss
occurs from an inner-lying radial position (r=25 mm) to an
outer-lying radial position (r=60 mm). Said signals are
thereby 1mproved particularly at the position of the outer
edge. This 1s of particularly great importance in the case of
a long playing time, for instance 70 minutes or more.

Due to the improved cooling which results in an improve-
ment 1n the birefringence and an improvement of the signals,
the mould temperature can generally be reduced, which
results 1n a shorter cycle time. Cycle time 1s understood to
mean the total time duration required to manufacture one
disc-like object with the mould according to the mnvention.

With this shorter cycle time the signals and the birefrin-
ogence are then within the so-called “Red-Book™ specifica-
fion.

FIGS. 6, 7 and 8 show typical curves of the birefringence
for the 1njection pressing process for comparison with the
injection moulding process according to FIGS. 3, 4 and 5.

FIG. 6 shows a typical curve without additional
tempering, FIG. 7 the curve where use 1s made of central
tempering, and FIG. 8 a curve with both central tempering
and peripheral tempering.

It 1s noticeable that the curve of FIG. 6 progresses within
narrower limits than that of FIG. 3. The fall in the range
23-52 mm 1s however relatively steep and amounts to
almost 50 nm.

By making use of the central tempering according to FIG.
7 the curve 1n the range 23-53 mm becomes practically flat
within several nm, which already involves a substantial
improvement. However, the peak at 57 mm and the dip at
about 59 mm remain unchanged.

By making use of both central cooling and peripheral
cooling the curve of FIG. 8 1s realized. This 1s substantially
flat in the range 23—-57 mm, whereafter a peak follows at the
value 59 mm. This peak 1s however considerably less
pronounced than i FIG. 7.

What 1s claimed 1is:

1. A mould for manufacturing discs, which mould com-
PI1SEs:

at least two mould parts which are mutually movable

between a closed position in which they bound a mould
cavity, which mould cavity has walls, a middle zone
and a peripheral zone and which mould cavity 1s
connected to an 1njection conduit for admitting heated,
plasticized plastic under pressure 1nto said mould
cavity, and an opened position in which a disc can be
removed;

removing means for removing a central portion from the
disc to form a central hole present therein, which
removing means comprise a cylindrical part which 1s
movable 1in an axial direction 1n the closed situation of
the mould cavity,

wherein at least one of the two mould parts 1s provided
with middle zone tempering means which surround the
injection conduit and are active in the middle zone of
the mould cavity for tempering the mflowing plastic
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during the mflow thereof via a pressure line and thus
during the filling of the mould cavity, and

an additional mould part arranged around the mould part
through which said injection conduit extends, which
additional mould part 1s provided with a wall region
tempering means which completely surround said
middle zone tempering means 1n the region adjacent to
the mould cavity and which are active only in the
region of the wall of the mould cavity around the
injection conduit for tempering the plastic flowing into
the mould cavity during the filling of the mould cavity.

2. The mould as claimed 1n claim 1,

wherein
the ratio of the diameters of the middle zone and of the
mould cavity lies 1n the range of 0.45-0.15.

3. The mould as claimed 1n claim 1, wherein at least one
of the two mould parts 1s provided with peripheral zone
tempering means which are active 1n the peripheral zone of
the mould cavity for tempering the inflowing plastic during
the inflow thereof via the injection conduit and thus during
the filling of the mould cavity.

4. The mould as claimed 1n claim 3, wherein the periph-
eral zone tempering means co-act directly with the periph-
eral wall surface of the mould cavity.

5. The mould as claimed 1n claim 1, further comprising
mechanical positioning means for fixedly holding, by engag-
ing on the end zone of a central hole, at least one disc-shaped
insert bearing the negative 1impression of mnformation to be
arranged on the disc, which positioning means are provided
with an end zone tempering means which are active in the
region of said engagement.

6. The mould as claimed 1n claim 1, wherein the middle
zone tempering means comprise channels for heat transport
medium arranged 1n the mould parts.

7. The mould as claimed 1n claim 6,

wherein

the heat transport medium 1s water.
8. The mould as claimed 1n claim 6,

wherein
the channels are at least partially formed by embodying
a relevant mould part, divided by the main plane of
a channel, 1n two sub-parts, at least one of which
sub-parts 1s provided with a groove corresponding,
with the channel and 1s covered with the other

sub-part.
9. The mould as claimed 1n claim 1,

wherein
the active surfaces in the region of the tempering means
comprise an alloy with high thermal conduction
coellicient.
10. The mould as claimed 1n claim 1,

wherein
the active surfaces 1n the region of the tempering means
are provided with a hard coating.

11. The mould as claimed in claim 1, further comprising
positioning means for positioning at least one disc-shaped
insert bearing a negative impression of information to be
arranged on the disc, which positioning means comprise an
at least partly cylindrical bush of thermally conductive
material, wherein the middle zone tempering means also
co-act with the positioning means.
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12. The mould as claimed 1n claim 1, wherein each of the
tempering means are adapted to hold the relevant active
surfaces at a specific chosen temperature.

13. The mould as claimed 1n claim 10, wherein the hard
coating 1s chrome.

14. The mould as claimed 1n claim 10, wherein the hard
coating 1s titanium nitride.

15. The mould as claimed 1n claim 11, wherein the
thermally conductive material 1s steel.

16. The mould as claimed in claim 11, wherein the 10

thermally conductive material 1s an alloy.

10

17. The mould as claimed 1n claim 16, wherein the alloy
1s bronze.

18. The mould as claimed 1n claim 9, wherein the alloy 1s
beryllium copper.

19. The mould as claimed 1n claim 9, wherein the alloy 1s
a copper alloy.

20. The mould as claimed in claim 1 further including a
gap surrounding said middle zone tempering means and
separating said wall region tempering means from said
middle zone tempering means.

G ex x = e
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